We present early time light curves of 18 Type Ia supernovae observed in the first six sectors of TESS data. Nine of these supernovae were discovered by ASAS-SN, four by ATLAS, four by ZTF, and one by Gaia. For eight of these objects with sufficient dynamic range (>3.0 mag from detection to peak), we fit power law models and search for signatures of companion stars. Most of our sources are consistent with fireball models where the flux increases ∝ t 2 , while two display a flatter rise with flux ∝ t. We do not find any obvious evidence for additional structure such as multiple power law components in the early rising light curves. Assuming a favorable viewing angle, we place conservative upper limits on the radii of any companion stars of 25 R for six supernovae and 4 R for 4 supernovae. If such systems are commonplace, the odds of non-detection in this sample are 38% for companions 25 R and 52% for companions 4 R . Based on the examples in this work, we expect that TESS will either detect emission from a dwarf companion during its initial two year survey, or place stringent limits on single-degenerate progenitor models.
INTRODUCTION
A key observation for studying the progenitors of supernovae (SNe) is the early time light curve. The shape and duration of the rising light curve just after the explosion contain information about the initial shock breakout and cooling of the SN ejecta, as well as the distribution of circumstellar material near the SN, the density/composition profile of the progenitor star, and the properties of any companion stars (e.g., Piro, Chang, & Weinberg 2010; Kasen 2010; Rabinak & Waxman 2011; Piro & Morozova 2016; Kochanek 2019) .
However, catching SN light curves significantly before peak brightness from the ground is difficult. Twelve SNe have been serendipitously observed within ∼3 days of the explosions (see Stritzinger et al. 2018 , and references therein). The case of SN2011fe was particularly favorable since observations were obtained just 2-3 hours after the explosion (Nugent et al. 2011; Bloom et al. 2012) . Ground-based transient surveys are reducing the delay from several days to 10-20 hours, using high-cadence observations from networks of telescopes (ASAS-SN, Shappee et al. 2014) , wide-field instruments (ZTF, Bellm et al. 2019; ATLAS, Tonry et al. 2018e ), or high-cadence studies of specific targets (1M2H, Coulter et al. 2017; DLT40, Valenti et al. 2017) .
The Kepler spacecraft opened a new window on the early time light curves of SNe by continuously monitoring several hundred galaxies over the four years of its primary mission, and more than 9000 galaxies in the K2 Campaign 16 Supernova Experiment. These programs yielded light curves of six SNe from before the explosion through the early rise, including ASASSN-18bt, which has the highest precision of any SN light curve to date (Olling et al. 2015; Garnavich et al. 2016; Shappee et al. 2019; Dimitriadis et al. 2019) .
The Transiting Exoplanet Survey Satellite (TESS, Ricker et al. 2015) has the potential to significantly expand the sample of early time SN light curves. TESS combines an ability to perform nearly continuous monitoring from a stable spacebased platform over time intervals as long as one month to one year, with an extremely wide field-of-view (24×96 degrees). The continuous monitoring allows TESS to observe a SN at the moments just after the explosion, while the wide field-of-view drastically increases the probability of observing bright SNe. Despite the small apertures of its cameras, TESS can achieve a 3σ limiting magnitude in 8 hours of ∼20 mag, and thereby make useful photometric measurements of extragalactic transients.
In this letter, we present early time TESS light curves of the 18 Type Ia SNe listed in Table 1 , which we use to constrain the explosion physics and the properties of possible companion stars. Nine of these SNe were discovered by ASAS-SN (Shappee et al. 2014) , four by ATLAS (Tonry et al. 2018e) , four by ZTF (Bellm et al. 2019) , and one by Gaia (Gaia Collaboration et al. 2016) . ASAS-SN recovered four of the SNe found by the other three projects, and has increased the cadence with which it observes the TESS fields in order to discover interesting transients that will benefit from continuous TESS data. This is an important point because TESS data are downloaded and released several weeks after the observations, but the transients must be identified earlier in order to obtain timely multi-wavelength observations and spectroscopy. One of these SNe, ASASSN-18tb, is discussed in more detail in Vallely et al. (2019) .
In §2 we review the TESS observations and in §3 we describe our data reduction. In §4 we present our analysis techniques, and in §5 we compare our results to models of companion stars interacting with the SNe ejecta. Finally, in §6 we assess the impact that TESS will have on the sample of early time SNe light curves and summarize our conclusions. Throughout, we assume a consensus cosmology with H 0 = 70 km s −1 , Ω m = 0.3, and Ω Λ = 0.7. We correct for Galactic extinction estimated by Schlafly & Finkbeiner (2011 ) with a Cardelli, Clayton, & Mathis (1989 extinction law and R V = 3.1.
OBSERVATIONS
TESS (Ricker et al. 2015) began its survey of the southern ecliptic hemisphere in July of 2018. Every 27 days, TESS slews 14 degrees eastward of the antisolar direction while keeping the center of the field of Camera 4 fixed at the ecliptic pole 1 . During each 27 day pointing, the fields of the four wide-field cameras (24
• × 24
• per camera) define a "sector" that covers approximately 1/18th of the sky stretching from 6
• from the ecliptic plane to 12
• beyond the ecliptic pole. The first six sectors of TESS observations swept over nearly a quarter of the sky from 2018 July 25 through 2019 January 06. In each sector, full-frame images (FFIs) are continuously collected at a 30-minute cadence. Cosmic rays are corrected on-board by the flight software, resulting in an effective exposure time of 1440 seconds per FFI. TESS observes in a single broad-band filter, ranging from about 600-1000 nm with an effective wavelength of 800 nm.
Several events occurred in the first six sectors that affect the quality of the data, as documented in the TESS data release notes 2 . In Sector 3, time was taken to perform additional tests of the attitude control system. In Sector 4, the cameras were turned off for several days in response to an instrument data-system anomaly, which led to a significant change in the thermal state of the instrument. Finally, at the end of Sector 5, a high level of scattered light from the Earth affected the spacecraft pointing. In our analyses, we ignore all data from these suspect epochs.
3. DATA REDUCTION We extracted light curves using our custom TESS Transient Pipeline. The pipeline interfaces directly with the Transient Name Server 3 (TNS) to produce differential light curves of reported astrophysical transients that land in the TESS field-of-view. The details of the pipeline will be provided in a forthcoming contribution, but a brief description is provided here.
The data reduction consists of two steps. First, we process TESS FFIs from each sector using the difference imaging technique described by Alard & Lupton (1998) and Alard (2000) . Second, we make photometric measurements for each transient source at pixel coordinates in the difference images using celestial coordinates from TNS and a model of the instrument geometry 4 . Differential flux measurements are calculated by fitting a model of the instrument pixelresponse function (PRF) to the appropriate pixels in the difference images.
In total, there were 42 SNe brighter than 20th magnitude at discovery reported to TNS and observed by TESS in the first six sectors. Of these, 34 were Type Ia, which we focus on here. Eighteen of the SNeIa unambiguously show a ris- (2019) NOTE-Absolute magnitudes M T are calculated from the classification redshift and corrected for Galactic extinction using the Cardelli et al. (1989) extinction law with R V = 3.1 and the given value of E(B −V ) from Schlafly & Finkbeiner (2011) . We assume an error of 1000 km s −1 on the redshifts. No K correction is applied. Apparent peak magnitudes T peak are observed values, uncorrected for Galactic extinction.
ing light curve after a flat time interval where the SNe flux is either zero or well below the TESS detection limit. For 11 other SNe, we can clearly detect a SNe signal, but preexplosion TESS observations were not obtained. For the remaining five sources, we did not detect any SN signal. These cases are either very faint (>18 mag at discovery) or are close to bright stars that contaminate the SN signals in the difference images (see §3.1 below). For the 18 Type Ia SNe with pre-explosion observations, we flux-calibrated the light curves by assuming that any preexplosion flux was negligible. If the SNe was observed across two sectors, we solved for a sector-to-sector offset that best aligns the first 0.5 days of the second sector to an extrapolated rising power law fit of the light curve in the first sector (see §4). We then converted the units of our light curves from electrons per second (r e ) to TESS magnitudes (T ) with T = −2.5 log 10 (r e ) + Z T , where Z T is the TESS image zeropoint. The average image zero-point across the four cameras is Z T = 20.44 ± 0.05 mag, measured during commissioning from observations of bright isolated stars (Vanderspek et al. 2018) . We define the limiting magnitude T limit by binning the light curves of each source to 8 hours, measuring the rootmean-square scatter σ of the values in the pre-explosion 8-hour bins, and setting T limit = −2.5 log 10 (3σ) + 20.44. The limiting magnitudes range from 19.02 to 21.76, depending on the quality of the subtractions, the proximity of the SNe to bright stars, and time-variable structure in the image backgrounds. We also rescaled the default pipeline uncertainties, which only account for photon noise in the images, to match the observed pre-explosion root-mean-square scatter. The rescaling factor is typically between 2.0 and 3.0. Figure 1 shows the final flux-calibrated light curves binned to 8 hours for the 18 SNe listed in Table 1, and Table 2 gives the light curves. Of the physical properties given in Table 1 , the peak magnitude T peak and the difference between the peak and limiting magnitudes ∆T = T limit − T peak are particularly important, since these quantities determine the signal-tonoise ratio and dynamic range of the early time light curves. Absolute magnitudes M T were determined based on the redshifts reported in the classification references. We assumed uncertainties on the redshifts of 1000 km s −1 . For six objects (ASASSN-18tb, ASASSN-18ug, Gaia18czg, ASASSN-18yc, ASASSN-18zz, and ASASSN18abr), we were also able to measure ∆m 15 (the increase in the magnitude 15 days after peak, Phillips 1993) from the late time light curves and thereby estimate the absolute magnitudes independently of the redshifts. To determine ∆m 15 , we used SNooPy (Burns et al. 2011 ) to fit i-band Type Ia SN templates to the TESS light curves. The templates were adapted to the TESS instrument response neglecting any internal host-galaxy extinction, and converting i-band magnitudes to TESS magnitudes by subtracting 0.49 mag, based on synthetic photometry of the Type Ia spectral energy distribution (SED) templates of Hsiao et al. 2007 . The difference between the absolute magnitude determined using the redshift-based distances and that determined using ∆m 15 ranges from −0.87 to 0.96 mag. The mean difference is 0.1 mag in the sense that the redshift-based distances are larger than the ∆m 15 distances. The systematic errors in the redshift-based distances of local SNe primarily arise from the difficulty of removing any blue-shift due to the SN expansion from the host's cosmological redshift. Since we do not have late-time light curves for all of the 18 SNe and therefore do not have a complete set of ∆m 15 estimates, we use the redshift-based distances for consistency. Future work may leverage additional multiwavelength observations of these SNe to tightly constrain ∆m 15 and provide more precise distances.
TESS Systematic Errors
Pointing jitter and scattered light/glints are the two main causes of systematic errors in the TESS light curves. These issues are described in detail in Vanderspek et al. (2018) and the individual data release notes for each sector. In order to mitigate the impact of jitter and scattered light on our results, we removed from further analysis any data where the effects are particularly notable.
For pointing jitter, we binned the mission-supplied pointing offsets in quaternion form to the 30-minute intervals of each FFI, and performed three rounds of 5σ clipping using both the binned quaternions and the dispersion within each bin. This procedure removes images with large pointing errors or poor pointing stability.
For scattered light and glints, we performed three rounds of 5σ clipping on the local background estimates. This procedure removes outliers in the distribution of background estimates, and catches most rapidly moving glints. However, sigma-clipping tends not to perform well around the times when the Earth or Moon rise above or set below the spacecraft sunshade. We therefore flagged additional images based on the background-estimate time series and visual inspection of the difference images. The problem is most acute at the ends of Sector 4 and Sector 5, for which we manually excluded data from the light curves of ASASSN18zz (Sector 4, BJD − 2457000 = 1436.020 to 1436.812) and ASASSN-18abr (Sector 5, BJD − 2457000 = 1463.605 to 1464.251). The TESS mission also excluded these time intervals from their transiting planet search because of strong and rapidly changing background features. ASASSN-18zz and ASASSN-18abr are the only sources for which these features affect the early time light curves-other sources are clearly affected at these times, but it does not impact our analysis of the initial rise and so the data are shown for completeness. We also found some evidence of residual background errors in the light curves from Sectors 1 and 2 of ATLAS-18tne, ASASSN-18tb, and ASASSN-18ty based on visual inspection. In these cases, there is no clear justification for excluding the data, but it is likely that the early time light curves are affected. We therefore include the data in further analysis, but regard the results with caution.
The final class of systematic errors occurs when a bright star lands near a SN in the TESS images. Imperfect residuals in a difference image can then contaminate the photometric aperture. Given the large plate scale (21. 19 per pixel), this is a common effect: ASASSN-18tb, ASASSN-18ug, Gaia18czg, ASASSN-18yv, ZTF-18acckoil, and ASASSN-18zz are all affected. In most cases, there is a very bright star within 2 or 3 pixels with obvious residuals in the difference images. We were able to remove the main effects of these residuals by (1) extracting light curves of the contaminating stars, (2) smoothing with a median filter, and (3) fitting a shift and scale factor to the affected parts of the SNe light curves. We then subtract the scaled and smoothed star light curve from the SN light curve. A detailed discussion of this procedure is described by Vallely et al. (2019, see their Figures 3 and 5) for the case of ASASSN-18tb. For ASASSN18ug and ASASSN-18yv, a bright star is extremely close to the SN in the image, and although this method improves the light curves, it is likely that the results are still subject to strong systematic errors. A more sophisticated detrending algorithm might help with this problem in the future.
ANALYSIS
For light curves with high dynamic range between the initial detection and the peak, it is possible to gain insight into the explosion physics and place limits on the size of any companions. We begin by parameterizing the light curves with a rising power law fit of the form
where t 0 is the time of the first detection, A, B and β are constants, and H(t) is the Heaviside function. The parameter B accounts for any residual background flux at early times, and must be included to properly estimate the uncertainties in β. Following Olling et al. (2015), we only fit the light curves up to 40% of the peak flux. For ATLAS-18yik, the onset of the light curve rise is missing due to data gaps. A large portion of the early rise of ASASSN-18abr is also missing, although we detect the initial onset of its rise. For these cases, our fitting procedure is still able to constrain t 0 and β if we extrapolate the observed power law through the gaps. We estimate the uncertainties on fitted parameters with 1000 iterations of bootstrap resampling, and report the widths of the central 68% confidence intervals of the resulting parameter distributions.
We focus on the 8 SNe with ∆T > 3.0 mag. Table 3 gives the best-fit values of t 0 and β from the rising power law fits. For reference, a fiducial "fireball" model, with a constant temperature photosphere expanding at a constant velocity (Riess et al. 1999) , has a rising power law index of β = 2.0. Five of the eight SNe have β > 1.6 and are consistent with the fireball model at the 3σ level, although the best-fit index for one of the five (ATLAS-18tne) is much larger (β = 3.46 ± 0.56). Of the remaining three SNeIa, two have indices β ≈ 1.0 (ASASSN-18yc, ZTF-18adaifep), while the index for ATLAS-18yik is too uncertain to conclude that it is either low or high (β = 0.67 ± 0.99). We do not find any correlation between the power law indices and T peak or ∆T , so we do not attribute these results to observational effects such as signal-to-noise ratio or our fitting procedure. However, there are reasons to be skeptical of two of the fits. The light curve for the SN with the largest power law index, ATLAS-18tne, was obtained from an image region with a complicated background that may affect the fit. Meanwhile, the light curve of the SN with the smallest power law index, ATLAS-18yik, has a large gap around the onset of the rise in flux. For this SN, t 0 is determined by extrapolating from the power law slope observed at significantly later times, which may not reflect the properties of the rise at first light.
Even though the reduced χ 2 values are consistent with unity in all eight cases, we searched for remaining systematic errors by correlating the residuals with the binned pointing offset quaternions, the dispersion of the binned quaternions in the 30-minute FFI intervals, the local background estimates, and the lens barrel temperatures. We did not find significant correlations except for the local background, which is often slightly anti-correlated with the residuals. This sug- NOTE-Uncertainties are the central 68% confidence intervals for fits to 1000 iterations of bootstrap resampling. The Error Floor column is calculated from the 5σ scatter of the early time light curve, after binning to 8 hours. Below these limits we cannot distinguish between real structure in the light curve and correlated systematic errors. Note that these limits are more conservative than would be inferred from ∆T in Table 1 alone. The Dynamic Range column is the inverse of the Error Floor column and is analogous to signal-to-noise ratio.
gests that the backgrounds are imperfectly removed by our image subtractions, local background estimates, and "glint" screening (see §3.1). In order to proceed, we define the error floor of a light curve as the scatter in the pre-explosion light curves binned to 8 hours, equal to the values of σ defined in §3. Residuals larger than five times this error floor we regard as significant; below this limit, we cannot distinguish between real structure in the light curves and correlated systematic errors. These 5σ uncertainty floors are listed in the second-to-last column of Table 3 , in units of flux relative to the peak flux.
In an analysis of a large sample of ground based early time Type Ia SNe light curves, Firth et al. (2015) found a range of rising power law indices, with a mean value of β = 2.44 ± 0.13. Our findings are consistent with their result, except that Firth et al. (2015) found only one object out of 18 to have a rising power law index significantly less than β = 2.0 (PTF-10accd). We find two such objects out of eight, ASASSN-18yc and ZTF-18adaifep. Departures from a simple fireball model have been seen in other objects, for example in SN2012fr, SN2013dy, SN2014J, iPTF16abc, DLT17u, and ASASSN-18bt (Contreras et al. 2018; Zheng et al. 2013 Zheng et al. , 2014 Siverd et al. 2015; Goobar et al. 2015; Miller et al. 2018; Hosseinzadeh et al. 2017; Shappee et al. 2019) . These sources exhibited more nearly linear rises in the optical for a few days, followed by sharper rises with power law indices closer to 2. Contreras et al. (2018) show that this behavior in the light curve of SN2012fr is consistent with a moderately mixed initial nickel profile, as modeled by Piro & Morozova (2016) . Shappee et al. (2019) find that the early light curve of ASASSN-18bt is also broadly consistent with the models of Piro & Morozova (2016) , although the detailed distribution of 56 Ni is likely more complex. In our sample, the light curve of ASASSN-18yc could be consistent with this picture, although there is a 4-day gap in observations at the end of Sector 3 when the non-linear phase would be expected to begin. On the other hand, the behavior of ZTF-18adaifep is difficult to reconcile with the Piro & Morozova (2016) models. There is no strong evidence for an increase in the slope during the rise of this source; if anything, the slope may be diminishing after seven to ten days post-explosion. Figure 2 shows the power law indices as a function of peak SN absolute magnitude, with the sources requiring extrapolation to t 0 flagged with open circles. Ignoring ATLAS18yik, there is a hint of a correlation between peak absolute magnitude and rising power law index-the SNe with lower power law indices have absolute magnitudes greater than −18.5, putting them on the faint end of the distribution of Type Ia luminosities. For comparison, the results for the Kepler SNe (Olling et al. 2015; Shappee et al. 2019 ) are shown in blue and cyan (corrected from the Kepler to TESS bandpass based on the Hsiao et al. 2007 template SED). These sources, particularly KSN2011c and ASASSN-18bt, reduce the correlation. More SNe with clean data and robust fits are needed to determine if there is any real pattern.
COMPARISON TO COMPANION MODELS
Next, we compare the early time TESS light curves with the analytic models from Kasen (2010) that describe the interaction of the SN ejecta with a companion star. In these models, the ejected material from the SN forms a bow shock as it encounters the companion star, producing a flash of Xray emission followed by a quick rise and then slow decay of thermal emission at UV/optical wavelengths. The observed light curve depends on the viewing angle of the observer, the separation of the primary and secondary (which sets the Roche lobe radius of the secondary), and the mass, velocity, and opacity of the SN ejecta. We adopt the fiducial model of a In the local universe, the effects of time dilation and K corrections are negligible, and these light curves can be scaled based on luminosity distance alone. • corresponds to the explosion occurring directly behind the companion. We calculate light curves using the TESS wavelength-dependent response function, a blackbody spectrum with the temperature and photospheric radius defined by equations 24 and 25 of Kasen (2010) to represent the emission from the shock, and the appropriate luminosity distance for each source. Although our calculations incorporate the effects of redshift on the restframe SED and time dilation on the light curve, these effects are very small. For convenience, we provide the TESS light curve models at a fiducial distance of 100 Mpc in Table 4 , and note that the flux can be rescaled with reasonable accuracy based on the luminosity distance alone. Finally, for each SN we consider increasing values of the separation, and therefore radius, of the secondary until the maximum flux exceeds the detection limit defined in §4. The relation between separation and Roche lobe radius is weakly mass dependent-we adopt primary/secondary masses of 1.4/1.0 M . This choice is unimportant at the level of detail presented here.
We restrict our analysis to the 6 SNe where continuous observations are available through a significant portion of the rising light curve. This removes ATLAS-18yik and ASASSN-18abr from further consideration. Table 5 shows the results for the remaining sources, and Figure 3 shows the power law fits, residuals, and model light curves for companions with the maximum allowable radius for each source. We are able to rule out giant companions with radii 25 R in all six SNe, assuming the viewing angles are less than 45
• . For four SNe, the data quality is superb and the limits reach down to 3.3-3.8 R (Gaia-18czg and ASASSN-18yc), 1.7 R (ASASSN-18tb) , and 1.0 R (ZTF-18adaifep). These upper limits do not take errors in t 0 and β into account, especially those in which t 0 occurs later than given by our fits. A thorough discussion of degeneracies between t 0 , β, and the companion light curve is given in §4 of Shappee et al. (2019) , but such a detailed analysis is beyond the scope of this work. Errors in the adopted distances affect these results by changing the expected flux of the companion's signature. However the redshift-based distances in this sample tend to be larger than those estimated from ∆m 15 , and overestimated distances translate to more conservative upper limits. Three of these sources have ∆m 15 measurements, (ASASSN-18tb, Gaia-18czg, and ASASSN-18yc), and the differences in distance are equivalent to only 0.1 to 0.3 magnitudes. Using the ∆m 15 distances would improve the upper limits by 5-15% in these cases. Our calculation for ASASSN-18tb also agrees with that of Vallely et al. (2019) , although the upper limit on the companion radius is higher because the redshift-based distance is slightly larger than their adopted distance.
Failure to detect companion signatures can always be attributed to unfavorable viewing angles where the shocked ejecta are behind the bulk of the optically thick SN ejecta.
However, if no companion signature is found in a large sample of SN light curves, confidence intervals for limits on companion radii can be inferred by calculating the probability that all the SNe are viewed at unfavorable angles. For a uniform distribution of the cosine of the viewing angle, the probability that all six SNe are viewed at angles of more than 45
• is 38% (no companions 25 R ), while the probability for four SNe is 52% (no companions 4.0 R ). To push these limits to the 5% or 1% level requires 18 or 28 SNe, respectively. A rigorous calculation would take into account the fact that detectable emission from a companion drops smoothly with inclination angle. However, given the number of bright SNe observed in 6 months, we expect TESS to capture about this many early time light curves during its two-year primary mission, with 16± 4 SNe sensitive to companions 4.0 R and 28±6 SNe sensitive to companions 25 R . In other words, there is a 95% chance that TESS will detect emission from a SN Ia companion with radius > 4.0 R and a 99% chance of detecting emission from a companion with radius > 25 R by the end of the survey, assuming that such companions are common. A failure to detect any companion signature can be translated to stringent upper limits on single-degenerate scenarios.
FUTURE PROSPECTS AND CONCLUSION
This work shows the impact that TESS can have on transient and SN science. With its unique combination of continuous monitoring and survey area, TESS will be able to characterize the early time light curves of a large number of bright SNe in exquisite detail, and provide a sample of sources with which to constrain progenitor models.
With regard to the progenitor systems of Type Ia SNe, we have calculated the observable properties of companion signatures in order to identify the most promising SNe for future TESS analysis. Figure 3 shows the expected TESS light curves for the Kasen (2010) models. We also provide tabulations of the models for different companion radii at a fiducial distance of 100 Mpc in Table 4 . For any SNe within ∼50 Mpc (z ≈ 0.01) observed by TESS, we expect to be able to detect emission signatures from companions with radii between a 0.1-1 R . Such SNe would be quite bright, at least T peak ≈ 14.5 mag. The constraints fall off with increasing distance, until little can be said about about any companions at distances greater than 200 Mpc (z ≈ 0.05). These statements of course depends on the the adopted detection limit-since TESS improved its pointing stability in Sector 4, we have noticed a tendency for the detection limits to push fainter than the average value T limit ≈ 20 mag of the 18 SNe light curves presented here. It remains to be seen if this represents a global improvement in the 8 hour 3σ detection threshold, or if the limit is driven primarily by effects unique to each SN. However, we expect that TESS will provide strong constraints on giant and dwarf companions for any SNe brighter than 16-17 mag at peak. As discussed in §5, at the current rate TESS will observe enough Type Ia SNe in two years to constrain the radii of companion stars at greater than 95% confidence, resulting in a strong test of single-degenerate progenitor scenarios.
In summary, we have presented early time TESS light curves of 18 Type Ia SNe, eight of which are amenable to analysis of the early rise. We fit rising power law models and searched for signatures of any companions stars. Our main results are:
1. Most of our sources are consistent with fireball models with power law index β ≈ 2.0. Two out of eight SNe have a much smaller rising power law index with β ∼ 1.0. These two sources (ASASSN-18yc and ZTF-18adaifep) have well-determined light curves and small systematic uncertainty estimates.
2. We do not find obvious evidence for additional structure in the light curves or companion signatures. A key component of future work will be to improve the systematic error floors of the TESS light curves, in order to confidently identify any subtle structure in the early time light curves.
3. We place upper limits on the radii of any companion stars of 25 R for 6 SNe and 4.0 R for 4 SNe. These constraints assume a favorable viewing angle (<45
• ), which implies that the odds of non-detections in this sample, if such systems are actually commonplace, are 38% for companions 25 R and 52% for companions 4 R . After its two year mission, TESS will likely observe enough SNe to either detect the signature of a companion star down to a few R , or set strong limits on the nature of companions of Type Ia SNe in the local universe. (Burns et al. 2011) , ISIS (Alard & Lupton 1998) 
